Description 



[0001] The invention relates to a method for. the purification of an aiumin[um alloy. 

[0002] A known nnethod \s fractional crystal Nsation, which can be applied to purify e.g. an aluminiunn aHcy contami- 
nated with an alloying element such as iron. In fractional crystalltsatron an input stream of an aluminium alloy scrap 
material, which, for a certain alloying element or contaminant, is hypoeutectic in composition, is spl^t into a first output 
stream or product stream of purified aluminium and a second output stream or downgrade stream, which is more 
contaminated with the contamfinant than the input stream and has a composition closer to the eutectic composition for 
the contammanl. 

[0003] Where in this description reference is made to fractional crystallisation, this is to be understood as comprising 
ali forms of fractionaf cnystailisation and all other purification methods starting from a hypoeutectic alloy, whereby the 
composition of the downgrade stream is determined by the eutectic composition of aluminium and an alloying element. 
[0004] A problem of fractional crystallisation is that the maximum content of contaminant in the downgrade stream 
is determined by the eutectic composition, In the event of an input stream of aluminium contaminated with 0,5% Fe, 
and a Fe content of the product streami of less than 0.1%, the downgrade stream, having an increased Fe content, is 
more than 25% of the input stream. 

[OOOn^] As can readily be seen from the Al-Fe phase diagram, the purer the product stream is made, the less con- 
taminated the downgrade stream will be. However, for an economic process a.iow volume of a highly contaminated 
downgrade stream is desirable, 

[0006] The performance of a basic fractionaf crystallisation process can be improved by using a multistage or counter 
current fractional crystalUsation process but the limit for the contamination of the downgrade stream with the alloying 
element is determined by the eutectic composition. 

[0007] In general, the material of the product stream has a higher economic va^ue than the material of the original 
aluminium alloy, w/hereas the material of the downgrade stream has a lower economic value. In the present market for 

the most common aluminium Eilloys^ the loss in vaiue of the higher coniaminated downgrade stream, as compared to 
the value of the original aluminium ahoV: is not compensated by the increase of the economic value of the product 
stream, The demand in the market for the material of the downgrade stream from the fractional cr/stallisation process 
is fairly low, so if it wouid be produced in large amounts, the economic vakie thereof wili drop fast. Therefore, the 
process of fractional crystallisation, or in fact any other separation process wherein theonput waste stream results in 
a more purified and a more contaminated stream of eutectic or near eutectic composition is to date economically not 
feasible, 

[0008] An object of the invention is to provide a method (or the purification of an aluminium alloy that is economicahy 
more feasible. This and other objects are achieved with a method for the purification of an aluminium alloy contaming 
an alioying etement or contaminant wherein the aluminium alloy is subjected to a fractional cri^'stallisatlon process 
wherein at least the aluminium alloy is separated into a product stream having a content of the alloving element less 
than the content of the alloying element in the aluminium alloy and a doV'.M^grade stream having a content of the alioying 
element higher than the content of the ailoying element m the aluminium alloy and wherem the downgrade stream is 
subjected to a process of separation of intermetalfics wherein an additive is added to the downgrade stream to form a 
mixture containing aluminium-alloying element-additive intermetallics and from this mixture a waste stream and a re- 
cycle stream is separated which waste stream contains a higher content of the ailoying element than the recycle stream 
and the recycle stream is at least partly fed into the fractional crvstailisation process. The method according to the 
invention combines a hypoeutectic process, tike fractional crystallisation (PC), with a hypereutectic process, like sep- 
aration of {ntermetallics (SIM), The waste stream comprises solid Al-alloying element-additive intermetallics, the recycle 
stream is basically a liquid aluminium stream containing tess of the ailoying element than the downgrade component. 
A frequently occurring alloying eiement is Fe. 

[0009J The principle of SIM processes Is known in the art of metallurgy and com.pnses such processes as layer 

crystallisation, filtration, magnetic separation, hydro cyclonage and precipitalion in molten salts. 

[0010] The downgrade stream of the FC process is used as an input stream for the S\hA process. In this SIM process 

an additive is added. The additive is selected such that it effectively lowers the eutectic composition of the aiioymg 
element and alummium such as the eutectic composition of Fe and aluminium, 

[0011 1 The downgrade stream of the fractional crystanisation process is made into a hypereutectic mixture by adding 
the additive thereto, in the SIM process the mixture is spilt Into a waste stream with a high content ot the additive and 
the ailoying element and a recycle stream wrth a lower composition of the ailoying element. This recycle stream is 
mixed with the input stream of the aluminium ailoy. 

[0012] The method of the invention opens a new, much more economic, way to the purification of aluminium alloys , 

in particular suitable for aluminium alloys of a composition typical in the field of scrap recycling, 

[0013] Other advantages of the method are the economy of voUjme, synergetic advantages by process integration, 

tower sensitivity to variation of aluminium, prices and environmental sustainabiifty, The method stays economicaiiy 
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profitable even when applied on a very large scaie. 

[0014] The method of the invention uses the separation of intermetafiics process to purify the downgrade of the FC 
process and the FC process to purify at least part of the product stream [recycle stream) of the SIM process. The 
fundamental impossibiiity to cross the eutectic for the FC process and the SIM process separately is circumvented by 
introducing a recycle loop in the process of the invenllon, The. nearer to the eutectic, downgrade stream of the FC 
process Is made hypereutectic by adding ihe additive. The, nearer to the eutectic, product stream (recycle stream) of 
the SIM process is made hypoeutectic by diluting the additive through addition of aluminium alloy material to be purified. 
The result of the process is at least partial removaj of the alloying element from the afuminium alloy with a small resulting 
waste stream with a content otthe alloying element above eutectic. 

[0015] For economic reasons, a smaller highly impure waste stream is preferred over a larger less contaminated 
waste stream. However, Ai-Fe- additive interrnstallics contain a high amount of aluminium. In the usuai, separately 
applied, process ot separation of interm,etallics, thesolid-ljqtild separation would imply an even greater loss of aiumin- 
fum. Also, the waste stream is not pariicularly valuable. It contains qufte substantial amounts of iron, making ft applicable 
to low-end uses only Further, the product stream (recycle stream) of the separation of intermetaific process, which is 
the purified stream, Is near eutectic m composition. There is only a ven^^ smali market for an aluminium ailoy comprising 
a, near eutectic amount of the aiioying eiement such as Fe in aluminium. Consequentfy, the present market cannot 
absorb the offered amount leading to a low price, which makes the process not feasible (or large-scale industrial ap- 
plication. For these reasons, also the SIM process, when applied separately is not economicaMy feasible. 
[0016] Different from this, the process of the invention only produces a smaH waste stream. Therefore, it does not 
suffer from the problems described above that the waste stream of each of the separate processes, SIM process and 
FC process, is I a.rge compared to the demand in the market. Hence, iarge-scaie application of th4?: process of the 
invention only to a small extent influences the value of the waste stream and the profitability of the ts^tal process. 
10017] The mass balance of the process of the invention may limit the proportion of the product stream from the SIM 
process that can be fed back Into the fractional crystalltzatlon process as rocyle, Part of the liquid product stream then 
remains with the intGrmetallics formed. Preferably at teast part of the liquid aluminium Is separated from the interme- 
taMics in a subsequent separation process. 

[0018] As mentioned above, the f ractional crystallisation process in itself is not at present economic, In particular not 
for high volume applications. 

[0019] However by combining the two processes according to the invention a h^ghiy purified product stream and a 
waste stream, smaller than m the separate processes, containing a large quantity of the alloying ^^.lement and the 
additive is obtained. This small waste stream can be used e.g. as a de-oxidising or aHoying agent in the steei making 
Industry or the Intermetaliics can be decomposed by electrolysis and the constituents can be recovered, The product 
stream is a high value starting material for high quality aluminium alloys. Therefore, the combination of two, in them- 
selves not economtcally feasible, processes into one combined process leads to an economically feasible, new and 
inventive process. 

[0020] A preferred embodiment is characterised in that the additive comprises at least one element chosen from Si, 
Mn, Cu, Co and Ni, These elemen{s as additive, added either individualiy or in combination, easily foi?n intemietallics 
with many alloying elements used in the aluminium industry and yield a high removal efficiency. This apprles in particular 
but not restricted thereto wheri the alloying eiement to be removed Is Fe 

[0021] A further embodiment is characterised in that the additive comprises mainly Mn, When using mainly Mn as 
the additive: a considerable reduction in the amount of waste stream can be obtained, in particular but not restricted 
thereto In the event that the alloying element is Fe, 

[0022] The Invention is of particular interest in the event the alloying element is Fe. 

[0023] Contamination of alumsnium by iron occurs during use or manutaciure of aluminium products or accumulates 
in other recycle processes, iron has an adverse effect on formabiilty and fracture mechanics ot atuminiurr^ alloy products 
and therefore can only be tolerated in small amounts. 

[0024] Preferably, when Fe is the alloying element to be removed, the Fe content in the aluminium ailoy is tess than 
1 .7 weight %, more preferably 1 ,5 weight %. in case the Fe content Is still closer to the eutectic value, the possible 
increase of Fe content in the dov^ngrade stream of the FC process compared to the Fe content in the input stream is 
too low to make the overall process economicly feasible. 

[0025] Preferably, when Fe is the alloying element to be removed is more than 0,4 weight more preferably more 
than 0.5% Fe. 

[0026] At lower Fe content of the input stream of the aluminium alioy to be purified, no substantiai decrease of the 
amount of the waste stream Is obtained since the recycle stream from the SIM process contains, dependent on the 

additive used, also about 0.5% Fe, 

[0027] The invention will be illustrated by comparing the amount and composition of a waste stream and product 
stream for the fractional crystallisation process and the process of our invention. 

[0023] In Table 1 the composition of an aluminium alioy is given. The mass is assumed to be one unit, e.g. 1000 kg. 
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Table 1 : 

f" ' • " ' ' " ~— ■ 

i aluminium alloy (scrap) composition 



j 


mass 


wt% AS 


wt% Fe 


■ — ■ ■■■■1 

¥yt% Un 


j scrap 


1.000 


99.50 


0.50 


0.00 



For the case that the sScrap is purified using the FC process, the resuitmg product stream and waste stream composltfons 
and masses are given in Table 2. As can be seen, the waste mass is about 25% of the original scrap mass, 



product and waste mass and composition by applying FC to the scrap of Table 1 


FC 


mass 


wt% AS 


wt% f e 


wt% Mn 


product 


0.754 


99.94 


0.06 


0,00 


waste 


0.246 


S8.15 


1.85 


0,00 



[0029] Table 3 shows the resull when our invention is applied to the scrap by adding an additive like manganese to 

the downgrade stream of the FC process and feedlEig back at least part of Ihe product stream from the SIM process 
as recycle to the input of the FC process. The table shows that the waste is reduced to less than 17% of the Input 
scrap mass. It Is assumed that at least the intermetalllc 6 [Fe, Mn] \s formed. 

[0030] The waste, according to Table 3, is about 1 7% of the input mass. The amount of recycle that can be fed back 
into the FC process is determined by mass balance consideration and in many cases does not comprise the total 

amount of product from the SIM-process. 

[0031 ] The amount of waste can be further reduced by further separating in a separate process aluminium, preferably 
In liquid form, from the intemnetaliics. 

[0032| Adding an additional separating process also has the advantage of a greater flexibility in the selection of the 
applied StM process. A less effective SIM-process, having a lower separation capability, but at lower costs can be 
applied. Further separation can then be performed by the additional separation process. 



Table 3; 



Product,, waste and additive mass by applying the process of the invention to the scrap of Table 1 


XEP 


mass 


Wt% Al 


wt% Fe 


Wt% IVIn 


product 


0.S39 


99.91 


0.06 


0.03 


waste 


0.167 


33.70 


2.70 


3.60 


additive 


0.006 


0.00 


0.00 


1 00,00 



[0033] The invention will now be illustrated with reference to the drawing In which Fig. 1 shows the principle of the 
invention and Fig, 2 shows in a diagrammatic representation of an embodiment of the invention. 
[0034] In Fig, tthe basic processes of the method of the invention are enclosed by square 20. The processes com- 
prise a FC process, indicated by numeral 21 , and a SIM process, indicated by numeral 22, Scrap to be cleaned indicated 
by numeral 23 is fed through a line 24 into the FC process 21 , The obtained purified product is indicated by numeral 
25 and is removed from the FC process through line 26. The downgrade 27 is exported from the FC process through 
line 28 and fed into the SIM process 22 through line 29. A waste component 30 from the SIM process is taken from 
the SIM process through Hne 31 Additive 32 Is fed into the SIM process through line 33. The recycle component 34 
is taken from SIM process 22 through line 35 and fed into the FC process through line 36. 

[0035] In Fig, 2 reference number 11 indicates a supply line through wh^ch a stream of an aluminium alfoy, as scrap, 
preferably rn molten form, containing an alloying element is fed to a first process vessel 12 In which the fi-actional 
crystallisation process is performed. This fractional crystallisation process may be chosen to be a known embodiment 

of fractional crystallisation, Connected to supply line Tl is a return line 1 3 the function of wiiich wi;] be described later. 
The supply line 11 and return line 13 merge into an input line 19, which is coupled to process vessel 12. in the fractional 
crystallisation process the mixture of afuminium alloy and downgrade stream is separated into a product component, 
which is removed through product line 14, and a residual component that is extracted from process vessel 12 tht'ough 

wast© line 15. Waste line 15 is connected to a second process vessel 1 7, to which also a feed line 1 6 is connected. 
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Through feedJine 1 6^ an addilivG, such as Mn, is fed into the second process vessel 17. A separation of intermetallics 

process is performed in second process vessel 1 7. A waste stream, containing a high quantity of the slloying element, 
such as Fe, and also containing Mn, ss remoyed through waste line 18. Also connected to second process vessel 17 
fs the return line 1 3 through v^hich a, purified, off-stream of the second process is fed back as a recyle into process 
vesset 12. 

[0036] Optionally, the waste stream is fed through line. 18 into a subsequent separation process 1 0 eh wh)ch aiunnin- 
ium, in liquid or solid form, is separated from intermetahics, By this additional separation process the ainouni of waste 
removed through iine 9 can be further reduced and a higher amount of purified aluminium, taken out through line 8, 
can be obtained, 

[0037] The total combined process has as input-streams the stream of aluminium alloy to be cleaned, and the stream 
of additive and as output-stream the waste stream, and the product component 



Clarms 

1- Method for the purification of an aluminium alloy containing an ailoying element wherein the aiuminium alloy is 
subjected to a fractional crystahisatson process wherein at least the atuminlum alloy is separated into a product 
stream having a content of the ailoying element less than the content of the alloying element in the aluminium alloy 
and a downgrade stream having a content of the ailoying element higher than the content of the ailoying ejement 
in the aluminium ailoy and wherein the dov^^ngrade stream is subjected to a process of separation of intermetalNcs 
Vi/herein an addnive is added to the downgrade stream to form a mixiure containing IntermetalJics formed and from 
this mixture a waste stream and a recycle stream *s separated which waste stream contains- a higher content of 
the alioyrng element than the recycle stream and the recycle stream is fed at least partly Into the fractional crys- 
tallisation process. 

2. Method according to any of the preceding claims, wherein the additive comprises at ieast one element chosen 
from Si, VIn, Cu. Co and Ni. 

3. Method according to any of the preceding claims, wherein the additive comprises mainly Mn-. 

4. Method according to any of the preceding claims,, wherein the alloying element is Fe. 

5. Method according to claim 4, wherein the Fe content in the atuminium alloy is iess than 1 .7 weight %, preferably 
less than 1.5 we!ght%, 

6. Method according to claim 4 or S, wherein the Fe content in the aluminium alloy is more than 0,4 weight%, preferably 
more than 0.5 weight%. 
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A 


Dl -12- 1987" 


CA 


1287217 


Al 


06-^08-199 1 




37100033 


A ,B 


22-07-1987 


DD 


^^53049 


AS 


06-01 "1988 


DE 


3764S29 


Dl 


l.a"I0--1990 


l)K 


1237 


A 


07-07-1987 




0236238 


Al 


09-09-1987 


HK 


Z3&92 


A 


10-04-1992 


; : 

:!. 1 


81129 


A 


1&- 12-1989 


IH 


168687 


Al 


18-05- 199 1 


JP- 


1656763 


C 


13-04-1992 




3022^ B3 


B 


26-03-1991 




621bSS30 


A 


J 4-07-1937 


i<R 


9006597 


Bl 


17-09-1990 


HO 


3700 24 


A 


07 07- 1987 




::?18S24 




26-04-1990 


1 : Ij 


22854 


A 


19-01-I9S9 




49991 


G 


13-09- 1-991 


su 


1732817 


A3 


07-05-1992 


ZA 


8700038 


A 


30-03-1988 
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